Abstract
Introduction
Kidney is an organ with limited turnover of cells but exhibits remarkable ability to survive injury and restore function [1] [2] [3] [4] [5] and others have suggested the contribution of circulating bone marrow stem cells in renal repair [6] . However, limited contribution of these cells to injured kidneys has led to questions regarding their significance in kidney repair [7] . In vital organs like kidney, with low cell turnover it would be imperative to consider that organ repair would follow a more pragmatic way, wherein somatic cells would acquire phenotypic flexibility rather than activating the quiescent resident stem cell population [8] . It is well established that kidney tubular epithelial cells, respond to injury by de-differentiating into mesenchymal phenotype thus recapitulating the processes active during early nephrogenesis [9] . Furthermore, a recent report suggests that regeneration by surviving tubular epithelial cells is the predominant mechanism of repair in ischemic kidneys [10] . Interestingly, the response of glomerular cells to injury is reported to be more complex, involving considerable phenotypic adaptations [11] . [12] . Under normal physiological conditions, GPECs are known to migrate and differentiate into glomerular podocytes [13] . Moreover, reports suggest that CD133 ϩ CD24 ϩ cell subset of GPEC of adult human kidney have stem cell properties and participates in renal repair [14] . Reparative responses in differentiated glomerular epithelial cells thus repre-sent an injury-dependent regression from adult phenotype to embryonic mesenchymal phenotype [15] . It is suggested that such phenotypic alterations are primarily conceived by glomerular epithelial-mesenchymal trans-differentiation (GEMT) [16] . However, in certain conditions, these changes are also associated with excessive production of extracellular matrix (ECM) resulting in crescent formation and irreversible renal fibrosis [17] . 
. The precise mechanism by which adult kidney replenishes damaged cells remains to be understood. It is still not clear whether cellular repair in adult kidney is carried out by specialized renal progenitors residing in specific niches or by self-duplication/de-differentiation of mature cells. Previous reports suggest the role of renal resident stem cells in kidney repair and regeneration

Glomerular parietal epithelial cells (GPECs), lining the inner aspect of Bowman's capsule is known to respond to injury by de-differentiating into embryonic phenotype, similar to that of myofibroblasts with de novo expression of ␣-SMA
Materials and methods
Animals
Swiss Albino mice (6) (7) (8) 
Glomerular parietal epithelial cell culture
GPEC culture was done as previously described [14] . 
Unilateral nephrectomy in mice
Unilateral nephrectomy was performed on 6-8-week-old Swiss albino mice as described earlier [19] . (Fig. 1A) . The epithelial nature of these cells was established by their polygonal shape and cobblestone appearance at confluence. The parietal epithelial nature of these cells was established by positive immunostaining for Claudin-1 and 2 [21] , also co-expressing CD24 (Fig. 1B) . GPECs were positive for E-Cadherin and CD24 (Fig. 1C) (Fig. 3A) , which is known to counteract TGF-␤1 induced EMT [22] .
Under anaesthesia (ketamine [150 mg/kg] and xylazine [10 mg/kg]), right kidney was exposed through a small lumbar incision. The renal artery was ligated and the kidney excised. The right kidney was removed in all experimental groups (n ϭ 10
Sequestration of E-Cadherin from the cell surface in P-1 to the perinuclear vesicles in P-5 of these cells (Fig. 3B) [31] was observed (Fig. 4D) . [32] , was observed in these cells (Fig. 4E) . However, no prominent nuclear ␤-catenin staining was observed. Fig. 5A. 
in vitro culture of GPECs led to loss in epithelial phenotype and resulted in clonogenic cells with mesenchymal phenotype (A). Primary GPECs showed CD24 (green) immunostaining which co-expressed with Claudin-1/2 (red) and claudin-1(cyan) (B). The cells exhibited tight intercellular junctions; confocal images showing E-Cadherin (red) and CD24 (green) co-expression in these cells (C), Nuclei stained with DAPI. Lack of nephrin (D) and VWF (E) expression in the cellular outgrowth ruled out the possibility of podocytes or endothelial cells in culture. Cryosections of mouse kidney showing CD24 (green) localization in cells lining the Bowman's capsule, nuclei are stained by DAPI, represented in red (F). Results are representatives of at least three independent experiments. Abbreviations: VWF -Von-Willibrand factor, DAPI-4Ј, 6-diamidoino-2-phenylindole.
Fig. 2 Immunophenotypic profile of the flow sorted CD44
Fig. 3 GPECs undergo epithelial EMT in vitro. qRT-PCR analysis for the expression of epithelial and mesenchymal markers as well as transcript levels of major EMT regulators in CD24 ϩ cells at passage 5 over P1(n ϭ 3). Graphs are represented as fold difference in
001). Transcript abundance of the EMT specific genes is estimated by duplex quantitative real-time PCR for 35 cycles (A). Confocal image showing the sequestration of membrane bound E-Cadherin in cells at P1 to perinuclear space in cells at P5, nuclei stained with DAPI (B). Confocal fluorescent images showing the expression of mesenchymal cytoskeletal proteins in CD24 ϩ cells (P5) nestin, fibronectin, ␣-smooth muscle actin, collagen 2 (C). Clonogenic assay of the cells show co-expression of epithelial and mesenchymal marker, indicating metastable phenotype in these cells confocal image of a representative CD24 ϩ cell colony at P1show low expression of Vimentin (red) and high level of CK-18 (green). By passage 5, the cells exhibit uniform expression levels of vimentin (red) and CK-18 (green) (D). Fluorescence is quantified and represented in 2.5D intensity graphs. Nuclei stained with DAPI (scale bar ϭ 10 m). Abbreviations: qRT PCR, quantitative reverse transcription polymerase chain reaction; GAPDH, glyceraldehyde-3-phosphate-dehydrogenase. noted in case of Pax-2 and Hoxb-7. However, the expression of KCadherin was significantly down-regulated as EMT progressed from P1 to P5. Interestingly, we found that along with the markers of metanephric mesenchyme, CD24 ϩ cells consistently (n ϭ 3) co-expressed markers of uteric bud (Hoxb-7 and C-Ret) suggesting a possible bi-potent progenitor status of these cells.
CD24 ؉ cells exhibit dynamic pattern of Wnt gene expression in vitro
During the reciprocal inductive mechanisms, active Wnt signalling is observed in the epithelial progenitors and metanephric
.1%), isotype control (A). The cells showed expression of CXCR-4 (78.7 Ϯ 1.6%) (B). qRT-PCR was performed on CD24 ϩ cells for the expression of genes specific to metanephric progenitors (n ϭ 3) (C
Translocation of ␤-catenin from cell membrane (P1) to cell cytoplasm (P5), which is another hall mark event in EMT
Correlation between EMT and progenitor properties in GPECs
b). Further characterization by qRT-PCR revealed that incubation with PGE2 lowered cell proliferation (low expression of Ki-67 transcript) (Fig. 5B) and successfully inhibited EMT (low transcript abundance of mesenchymal markers) in these cells. GPECs treated with PGE2 had higher expression of all epithelial markers and low levels of mesenchymal markers when compared with untreated cells at P1 and P5 (Fig. 5C). Interestingly, we found that EMT blockage also resulted in low expression levels of most progenitor markers except epithelial markers K-Cadherin and
Hoxb-7 whose levels were higher (Fig. 5D) (Fig. 6A) . Antilaminin staining showed that the cells have integrated into the developing tubules and uteric-bud stalk [34] (Fig. 6B) . PGE2 treated cells failed to integrate into the developing kidney. However, few cells remained attached to kidney surface (Fig. 6B) .
In vitro co-culture of CD24 ؉ cells with E13.5 spinal cord
CD24
ϩ cells were co-cultured with E13.5 embryonic spinal cord, the heterologous inducer of metanephric mesenchyme and uteric bud [35] . After 2-3 days in culture, these cells aggregated to form EBs. Extended culture (5-6 days) of these EBs on matrigel in the presence of E13.5 spinal cord conditioned medium resulted in sprouting and network branching in more than 60% of cell aggregates (n ϭ 10) (Fig. 6C) . PGE2 treated cells on the other hand failed to form intact nephrospheres due to poor migration and no branching pattern were observed in these cells when grown on matrigel with E13.5 spinal cord conditioned medium (Fig. 6D) . 
CD24 ؉ cells exhibit endothelial differentiation potential in vitro
CD24 ؉ cells exhibit in vivo differentiation potential when implanted under contra-lateral kidney capsule of unilaterally nephrectomized mice
Compensatory renal growth after unilateral nephrectomy is a remarkable regenerative mechanism exhibited by the kidney. After unilateral nephrectomy, the remaining kidney increases in size, the phenomenon is known as compensatory hypertrophy [19] 
